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(54) Integrated sealed secondary battery 

(57) In an integrated sealed secondary battery (1 ) in 
which a plurality of cells (2) are arranged in a row, cool- 
ing medium passages (21) are formed on both sides of 
the row of the cells (2), arxl cooling medium passages 
(18) are formed between adjacent cells such as to effect 
communication between the cooling medium passages 
(21,21) on both sides. The cross-sectional areas of the 
cooling medium passages (21.21) on both sides are 
made different so as to generate pressure difference at 
both ends of the cooling medium passages (18) 
between the cases. The cooling medium passages (21) 
on both sides are formed in a meandering manner by 
the provision of projection strips that extend alternately 
downwards from the top wall and upwards from the bot- 
tom wall of the cooling medium passages (21). 

Air escape apertures (43) are formed between the 
top wall (42) of the cooling medium passages (21) and 
top ends (41a) of the projection strips (41) that extend 
downwards from the top wall of the cooling medium pas- 
sages. 
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Description 

[0001] The present invention relates to an inte- 
grated sealed secondary battery wherein a plurality of 
cells are arranged in a row, thereby forming a one-piece s 
battery housing. 

[0002] Fig. 16 shows a known integrated sealed 
secondary battery of this type disclosed in Laid-open 
Japanese Patent Publication No. 7-85847. Electricity- 
generating elements are accommodated respectively in 
cases 63 formed in rectangular tubular shape having a 
bottom, and the apertures of the cases 63 are sealed by 
covers 64, thereby constituting cells 62. A plurality of 
these cells 2 are arranged in a row, and the cases 63 of 
these cells 62 are tightly bound together with end plates 
65 and restraining bands 66. Positive electrode termi- 
nals 67 and negative electrode terminals 68 of cells 62 
pass through the covers 64, projecting upwardly, and 
these terminals 67, 68 are connected successively in 
series by electrical connection bars 69. 
[0003] The mono-block rechargeable battery dis- 
closed in Laid-open Japanese Patent Publication No. 6- 
215804 in which a battery housing and a cover made of 
plastics material are heat-welded is constructed as fol- 
lows. Side plates having concave spaces on the inside 
thereof are heat-welded to the outside faces of opposite 
side walls of two battery housings, whereby a cooling 
jacket is fbmied between the side walls of the battery 
housings and the side plates. A cooling liquid inlet ori- 
fice and outlet orifice are provided at the top of the two 
ends of the side plates. Within the cooling liquid jacket, 
flow-alignment projecting strips are provided alternately 
from the top surface and bottom surface of the interior of 
the cooling jacket for forming a meandering flow pas- 
sage, and, furthermore, air escape apertures of about 1 
to 3mm are formed between the top face and the tops of 
the flow-alignment projecting strips that extend down- 
wards from the top face. 

[0004] Laid-open Japanese Patent Publication No. 
61-45571 discloses the provision of cooling passages 
that pass through upper and lower portions of partitions 
between cells in a mono-block housing, and the provi- 
sion of cooling medium inlet/evacuation headers there- 
above and therebelow. separate covers being provided 
for each cell. 

[0005] However, with the Integrated sealed second- 
ary bSLtXery of Laid-open Japanese Patent Publication 
No. 7-85847, since the cells are tightly bound in close 
contact, if the ambient temperature is high or if dis- 
charge is effected with large current, heat cannot be 
removed sufficiently from the cells. There Is therefore 
the problem that the temperature of the cells rises, low- 
ering cell life. 

[0006] In this regard, in the rechargeable battery of 
Laid-open Japanese Patent Publication No. 6-215804. 
temperature rise can be suppressed to some extent 
since both side faces of the battery housing are cooled 
by the cooling jacket. Also, the meandering flow pas- 



sage formed within the cooling jacket enables uniform 
cooling of the entire surface of the side walls of the bat- 
tery housing. Furthermore, since air escape apertures 
are formed In the corners where the top wall of the cool- 
ing jacket arid the flow-alignment projecting strips are 
connected, the loss of cooling performance produced 
by stagnation of air taking place in these corners can be 
suppressed to some extent. Nevertheless, in the case of 
a secondary battery in which cells are integrated as 
shown in Fig. 16, the temperature rise of the cells can- 
not be sufficiently suppressed, because of insufficient 
cooling between the cells. 

[0007] In order to solve the problem of the inte- 
grated sealed secondary battery of Laid-open Japa- 
nese Patent Publication No. 7-85847 referred to above, 
the inventors of the present application have performed 
various studies, in which spaces were provided 
between the cells so as to form cooling passages and 
this was combined with the cooling jacket as disclosed 
in Laid-open Japanese Patent Publication No. 6- 
215804. The results shows that the cooling medium 
tends to stagnate particularly in the corners of the flow- 
alignment projecting strips and the top wall of the cool- 
ing jacket, which was found to be the main cause of 
drop in cooling performance. It was further ascertained 
that small air escape apertures provided at the corners 
of the flow-alignment projecting strips had little effect of 
causing cooling medium to flow smoothly and air to be 
discharged. 

[0008] In the Case of the rechargeable battery of 
Laid-open Japanese Patent Publication No. 61-45571. 
while the region where the cooling passages are formed 
that pass through upper and lower portions of partitions 
between the cells in the mono-block housing is forcibly 
cooled, the cooling effect is still insufficient, since the 
entire outside surface of the cells is not forcibly cooled. 
There are also the problems that, since the construction 
of the housing is corhplicated, manufacturing costs are 
high and, since it is necessary to provide a cover for 
each cell, a large number of separate operational steps 
are required In assembly, also raising the cost. 
[0009] In view of the above problems, an object of 
the present invention is to provide an integrated sealed 
secondary battery which is of an inexpensive construc- 
tion and wherein the cells can be effectively cooled. 
[001 0] Another object of the present invention is to 
enhance cooling effect of each of the cells by causing 
cooling medium to flow efficiently in cooling medium 
passages provided between the cells. Yet another 
object of the present invention is to prevent drop in the 
cooling effect by preventing air stagnation in the cooling 
medium passages. 

[001 1 ] The present invention provides an integrated 
sealed secondary battery comprising: a plurality of cells 
arranged in a row respectively accommodating electric- 
ity-generating elements within rectangular tubular 
cases having a bottom, with their upper open ends 
being sealed; first cooling medium passages formed on 
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both sides of the. row of the cells; second cooling 
medium passages formed between the cases of the 
cells that communicate with the first cooling medium 
passages on both sides of the row of the cells; and 
means for generating pressure difference at both ends 
of the second cooling medium passages between the 
cases. 

[001 2] With this construction, all of the side faces of 
the cells, including those between the cells, can be for- 
cibly cooled by the cooling medium passing through the 
cooling medium passages between the cases and the 
cooling medium passages on both sides. While cooling 
medium tends to flow out smoothly when It is made to 
flow through the cooling medium passages on both 
sides, ft tends to stagnate in the cooling medium pas- 
sages between the cases that are branched from the 
cooling medium passages on both sides. However, 
thanks to the provision of means for generating a pres* 
sure difference at both ends of the cooling medium pas- 
sages between the cases, it can be made to flow reliably 
through the cooling medium passages between the 
cases. Consequently all of the cells can be effectively 
cooled. 

[0013] Means for generating a pressure difference 
at both ends of the cooling medium passages between 
the cases may be constructed in various manners as 
will be described in detail later. For example, the flow 
path cross-sectional areas of the cooling medium pas- 
sages on both sides may be mutually differed.. Such is a 
comparatively straightforward arrangement and does 
not involve large pressure loss, whereby pressure differ- 
ence can be created such as to cause suitable flow of 
the cooling medium through the cooling medium pas- 
sages between the cases. 

[0014] The present invention also provides an inte- 
grated sealed secondary battery comprising: a plurality 
of cells arranged in a row respectively accommodating 
electricity-generating elements within rectangular tubu- 
lar cases having a bottom with their upper open ends 
being sealed; first cooling medium passages formed on 
both sides of the row of the cells; second cooling 
medium passages formed between the cases of the 
cells that communicate with the first cooling medium 
passages on both sides of the row of the cells; projec- 
tion strips provided in the first cooling medium passages 
such as to alternately extend downwards from a top wall 
and upwards from a bottom wall of the first cooling 
medium passages so that the first cooling medium pas- 
sages meander upwards and downwards; and air 
escape apertures formed between the top wall of the 
cooling medium passages and top ends of the projec- 
tion strips that extend downwards from the top wail of 
the cooling medium passages. 

[0015] Even when air stagnates in the. corners 
between the tops of the flow-alignment projecting strips 
and the top wall of the cooling medium passage, this air 
is moved through the air escape apertures towards the 
downstream side, until it is finally discharged from the 



cooling medium passage. Loss of cooling performance 
due to the occurrence of air stagnation in the meander- 
ing passage can be thus reliably prevented. 
[0016] Inclined faces may be formed that are 

5 inclined towards their sides in at least portions facing 
the air escape apertures of the top walls of the cooling 
medium passages. Thereby, even if air stagnates in 
these corners, it can be shifted towards the middle of 
the meandering flow passage by the inclined faces, 

10 through the air escape apertures. Stagnant air is 
entrained by the strong current of cooling medium flow- 
ing through the meandering flow passage, shifting it 
downstream, so the lowering of cooling performance 
caused by stagnation of air In the meandering flow pas- 

75 sage can be even more reliably prevented. 

[0017] Alternatively, inclined faces may be formed 
that are Inclined upwards towards the outlet from the 
inlet of the cooling medium passages In the top walls of 
the cooling medium passages. Thereby, the air passes 

20 successively through the air escape apertures along 
these inclined faces as far as the outlet of the cooling 
medium passages, where it is smoothly discharged. 
[0018] The height positions of the tops of the flow- 
alignment strips may be made practically the same, and 

25 the.aperture area of the escape apertures may be made 
progressively larger from the inlet end towards the outlet 
end of the cooling medium passages. Thereby, it 
becomes progressively easier for the air to flow out. as 
it proceeds towards downstream, making it possible for 

30 the air to be evacuated even more smoothly. 

[0019] Alternatively, the air can be evacuated 
smoothly by forming Inclined faces which are inclined 
upwardjs towards both sides from the portion opposite 
the air escape apertures in the top walls of the cooling 

35 medium passages. 

[0020] The angle of inclination of the inclined faces 
with respect to the horizontal plane should preferably be 
3 to 5*. and the vertical width of the air escape aper- 
tures should preferably be 3 to 5mm, so that air stagnat- 

40 ing in the corners between the top ends of the flow- 
alignment projecting strips and the top walls of the cool- 
ing medium passages can be reliably shifted towards 
the middle of the meandering flow passage, making it 
possible to reliably prevent lowering of cooling perform- 

45 ance caused by stagnation of the air. 

[0021 ] Preferred embodiments of the present Inven- 
tion will be described with reference to the accompany- 
ing drawings, in which: 

50 Rg. 1 is an external perspective view of one 
embodiment of an Integrated sealed secondary 
battery according to the present Invention; 
Rg. 2 is a vertical cross-sectional view of this 
embodiment; 

55 Rg. 3 is a partial vertically sectioned front view of 
this embodiment; 

Rg. 4 is a partial perspective view of the upper end 
part of a group of cells in this embodiment; 
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Fig. 5 is a perspective view of an electrical connec- 
tion element of this embodiment; 
Fig. 6 is a perspective view of a cover of this 
embodiment; 

Fig. 7 is a diagrammatic horizontal cross-sectional 
plan view showing an example of a first construc- 
tion of means for generating a pressure difference 
at both ends of cooling passages between the 
cases in this embodiment; 

Fig. 8 Is a diagrammatic horizontal cross-sectional 
plan view showing an example of a second con- 
struction of means for generating a pressure differ- 
ence at both ends of cooling passages between the 
cases in this embodiment; 

Fig. 9 is a diagrammatic horizontal cross-sectional 
plan view showing an example of a third construc- 
tion of means for generating a pressure difference 
at both ends of cooling passages between the 
cases in this embodiment; 

Rg. 1 0 is a diagrammatic horizontal cross-sectional 
plan view showing an example of a fourth construc- 
tion of means for generating a pressure difference 
at tx>th ends of cooling passages between the 
^ cases in this embodiment; 

Fig. 11 is a diagrammatic horizontal cross-sectional 
plan view showing an example of a fifth construc- 
tion of means for generating a pressure difference 
at both ends of cooling passages between the 
cases in this embodiment; 

Fig. 12 is a diagrammatic horizontal cross-sectional 
plan view showing an example of a sixth and sev- 
enth construction of means for generating a pres- 
sure difference at both ends of cooling passages 
between the cases in this embodiment; 
Rg. 13 is an exploded perspective view of another 
embodiment of an integrated sealed secondary 
battery according to the present invention; 
Fig. 14 is a vertical cross-sectional view illustrating 
the construction of a cooling medium passage of 
this embodiment; 

Fig. 15 Is a vertical cross-sectional view illustrating 
another example of the construction within the cool- 
ing medium passage of this embodiment; and 
Fig. 16 is a front view of a prior art example of an 
integrated sealed secondary battery. 

[0022] The integrated sealed secondary battery 1 
according to this embodiment is a nickel/hydrogen sec- 
ondary battery suitable for use as a drive power source 
for an electric automobile. As shown in Fig. 1 to Fig. 3, 
the integrated sealed secondary battery 1 comprises a 
one-piece battery housing obtained by mutually joining 
a plurality of individual cells 2 that are connected in 
series and arranged in a row. End plates 6 are joined at 
both ends of the row of cells, and a plate-shaped cool- 
ing jacket member 3 with inwardly concave spaces are 
joined to both sides of the cells 2 and end plates 6. Fur- 
ther, an integrated cover 5 is joined on the top of the 



6 

cells 2 and end plates 6 for closing these in a sealed 
condition. The cells 2 between the end plates 6, 6 are 
tightly bound together by restraining bands 7. Numeral 
8 represents terminal mounting holes formed In the 

5 cover 5 to permit the positive electrode terminals and/or 
negative electrode terminals projecting in the upwards 
direction from cells 2 at one end and at the other end to 
pass therethrough. Numeral 9 represents safety valve 
mounting holes formed in the cover 5 corresponding to 

10 each cell 2. Numerals 10 and 11 respectively represent 
an inlet orifice and outlet orifice for a cooling medium, 
these being integrally mounted at both ends of the cover 

5. Cells 2, cooling jacket member 3. cover 5. end plates 

6, inlet orifice 1 0, and outlet orifice 1 1 are constituted of 
75 synthetic resin such as PP/PPE alloy, and are integrally 

Joined to each other by welding. Adjacent cells 2,2 are 
electrically connected by connectors 12 as shown in 
Fig, 2 and Fig., 3. 

[0023] Referring to Fig. 2 and Fig. 3, cells 2 are con- 

20 stituted by electricity-generating elements 15 accom- 
modated within cases 14 of. rectangular tubular shape 
having a bottom. A large number of bosses 1 7 are pro- 
jected in matrix fashion on opposite wall faces 16 of 
mutually opposite cases 1 4 of the cells 2 such as to con- 

25 tact with each other in the condition in which cells 2 are 
arranged adjacent to each other in a row. The spaces 
formed between opposite wall faces 16.16 by these 
bosses 17 constitute cooling medium passages 18 
between the cases. It should be noted that end plates 6 

30 are in contact with and joined to opposite wall faces 16 
on the outside of the two end cells 2 of the row of cells, 
so that in this embodiment a cooling medium passage 
18 is also formed between these end plates 6 and the 
opposite wall face 16 of two end cells. A plurality of 

35 bosses 17 in suitable locations (in the example illus- 
trated, four locations) are formed of larger diameter, 
their end faces being formed with engagement projec- 
tions 19a and engagement recesses 19b for mutual 
sliding engagement, which are employed for mutual 

40 positional location of the cases 1 4. Also, joining edges 
20 project to effect mutual contact at the bottom edge 
and at a position a suitable distance below the upper 
end of the case 14. Thus, cells 2 can be integrally joined 
in the form of a one-piece battery housing by mutual 

45 welding of bosses 17 and Joining edges 20 that are in 
mutual contact in a condition where cells 2 are arranged 
adjacent to each other in a row. 
[0024] Cooling medium passages 21 are consti- 
tuted on both sides with respect to the direction of 

50 arrangement of these cells 2 by the spaces formed 
between the inside faces of the cooling jacket member 3 
and cells 2. Further, troughs 22 that form distribution 
headers and communicate with the cooling medium 
passages 21 on both sides for distributing cooling 

55 medium (water) are formed at the upper edges of the 
end plates 6. 

[0025] As shown in Fig. 2, Fig. 3 and Fig. 4. in an 
upper frame 26 above the upper Joining edges 20 in the 
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cases 14 of cells 2 which are to constitute the integral 
battery housing, there are formed practically triangular- 
shaped notches 13 in zigzag fashion for arranging con- 
nectors 12 to effect electrical connection of adjacent 
cells 2. The connectors 12 fitted in the notches 13 are 
integrally joined to the cases 14 and to the cover 5 in a 
sealed condition. 

[0026] As shown in Fig. 2. Fig. 3 and Fig. 5, the con- 
nector 12 comprises a connecting shaft 27 made of 
metal (such as nickel) and a support element 28 made 
of synthetic resin. The connecting shaft 27 is inserted 
into a holding tube 29 of the support element 28 in a 
pressed-in condition, perfect sealing being effected by 
an O-ring 31 that is inserted between a flange 27a of the 
connecting shaft 27 and the inner circumference of the 
holding tube 29. A pair of triangular-shaped lugs 30 
project from the holding tube 29 of the support element 
28. Ihese lugs 30 are respectively joined to the upper 
frame 26 when the connector 12 is arranged in the 
notch 13. 

[0027] As shown in Fig. 2 and Fig. 3, the cover 5 is 
formed on its inside surface with individual frames 32 so 
as to correspond with the upper frames 26 of the cases 
14. Also, at the outer circumference, there is provided a 
downwardly directed outer circumferential frame 33 of 
inverted L-shaped cross section. At both ends in the 
longitudinal direction of the cover 5. there are provided 
sealing projections 34 that are joined to the upper end of 
the troughs 22 for forming sealed distribution headers 
35. 

[0028] As shown in Fig. 6. on one side of the two 
ends of the cover 5, there is formed a terminal mounting 
hole 8. while on the other side there is provided joining 
projections 36 for joining the inlet orifice 10 and outlet 
orifice 11. These orifices 10, 11 are respectively com- 
prised of J -shaped box elements 37 whose planar sur- 
face is approximately J shaped and whose underside is 
open. Connecting ports 38 are provided to the tip of the 
short side of these J-shaped box elements 37. In a por- 
tion of the cover 5 opposite the tip of the long side of J- 
shaped box element 37. communicating apertures 39 
that communicate with the distribution headers 35 are 
formed. 

[0029] Referring to Fig. 7, on the inside face of cool- 
ing jacket member 3, flow-alignment projecting strips 41 
are provided so as to form a meandering flow passage 
40 (see Fig. 14) that meanders upwards and down- 
wards so as to achieve uniform flow of the cooling 
medium over the entire surface of the cooling medium 
passages 21 on both sides. Furthermore, the flow path 
cross-sectional area of the cooling medium passage 
21 a on one side is made larger than the flow path cross- 
sectional area of the cooling medium passage 21b on 
the other side, by making the height hi of the flow-align- 
ment projecting strips 41a in the cooling medium pas- 
sage 21a on one side higher than the height h2 of the 
flow-alignment projecting strips 41b in the cooling 
medium passage 21b on the other side. 



[0030] It should be noted that the flow-alignment 
projecting strips 41 can be provided on the side of the 
cases 14 of the cells 2 instead of on the cooling jacket 
member 3, and they need not necessarily be constituted 
5 to form a flow passage that meanders upwards and 
downwards. Furthermore, a construction could be 
employed in which no flow-alignment projecting strips 
41 are provided. 

[0031 ] In the integrated sealed secondary battery 1 
10 constructed as above, when the cooling mecfium is sup- 
plied from the inlet orifice 10. it flows into the cooling 
medium passages 21a. 21b on both sides through the 
distribution header 35, and while flowing towards the 
downstream side through these cooling medium pas- 
75 sages 21 a, 21 b. it also flows between these two cooling 
medium passages through the cooling medium pas- 
sages 18 between the cells 2. before it is discharged 
from the outlet orifice 11. 

[0032] In this process, since the flow path cross- 

20 sectional areas of the cooling medium passages 21a 
and 21b on both sides are made different from each 
other, pressure is created within the two cooling 
medium passages 21a, 21b, producing a pressure dif- 
ference at the two ends of the cooling medium pas- 

25 sages 18 between the cases. The cooling medium 
therefore flows reliably through the cooling medium pas- 
sages 18 between the cases, which are branched from 
cooling medium passages 21a. 21b. without any possi- 
bility of stagnation. 

30 Consequently, all of the side faces of the cases 14 of 
cells 2, including opposite wall faces 16. are forcibly 
cooled by the cooling medium, and thus all of the cells 2 
are effectively cooled. This construction can not only be 
constructed simply by making the heights of the flow- 

35 alignment projecting strips 41a, 41b different, but also 
involves no large pressure loss in making the cooling 
medium to flow through a large number of cooling 
medium passages 18 between the cells 2. 
[0033] Also, in this embodiment, the Inlet orifice 10 

40 and outlet orifice 1 1 that supply and evacuate the cool- 
ing medium with respect to the cooling medium pas- 
sages 21a, 21b are provided at both ends In the 
direction of arrangement of the cells, and are connected 
to the cooling medium passages 21a. 21b through the 

45 distribution headers 35, Consequently, when a plurality 
of secondary batteries 1 are connected to each other, 
the entire periphery of all of the cells 2 can be effectively 
cooled by a single cooling medium path. 
[0034] Furthermore, since the one-piece battery 

50 housing is constituted by integrally connecting the irKli- 
vidual cells 2 by welding with their apertures being 
sealed by the integral cover 5 welded thereonto. the 
integrated sealed secondary battery 1 encased in a 
one-piece housing can be obtained with a small number 

55 of components and assembly steps. Also, the cooling 
medium passages 18 between the cases are formed by 
mutual contact and welding of the bosses 17 formed on 
opposite wall faces 16 of the cases 14 of each of the 
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cells 2. Gonsequentiy. cooling medium passages 18 
between the cases can be formed over the entire sur- 
face of the opposing wall faces 16,16 in a simple and 
inexpensive manner. 

[0035] Moreover, a lightweight construction can be 
achieved, since the cooling medium passages 21 on 
both sides are constituted by joining compact plate- 
shaped cooling jacket members 3 on both sides of the 
row of cells. 

[0036] In the above description, an example was 
illustrated in which, as means for generating a pressure 
difference between the two ends thereof, the flow path 
cross-sectional areas of the cooling medium passages 
21a and 21b on both sides were made different. How- 
ever, various other means for making the cooling 
medium to flow reliably through the cooling medium 
passages 18 between the cases can be employed, as 
will be hereinafter described with reference to Fig. 8 to 
Fig. 12. 

[0037] For example, as shown in Fig. 8, the cooling 
medium passages 1 8 between the cases can be 
tapered from one side to the other side, by making the 
width w2 on the other side of the cooling medium pas- 
sages 18 between the cases smaller than the width w1 
on one side. In this case, the pressure at one side of the 
cooling medium passages 18 between the cases 
becomes higher than that at the other side, causing the 
cooling medium to flow from one side to the other side 
smoothly. 

[0038] Also, as shown in Fig. 9, the cross-sectional 
areas of the cooling medium passages 21a, 21b on both 
sides can be made mutually and alternately different by 
making the mutually opposite wall surface thicknesses 
in the meandering passages 40 in the cooling medium 
passages 21a, 21b on both sides different, as t1, t2. In 
this case also, the pressure becomes higher where the 
flow path cross-sectional area of the cooling medium 
passages 21a, 21b on both sides is larger, with the 
result that cooling medium flows through the cooling 
medium passages 18 from higher pressure to lower 
pressure. 

[0039] Also, as shown in Fig. 10, the cross-sec- 
tional areas of the cooling medium passages 21a, 21b 
on both sides forming the meandering passages 40 can 
be made mutually and alternately different by making 
the heights of the flow-alignment projecting strips 41 
that form the meandering passages 40 in. the cooling 
medium passages 21a, 21b on both sides mutually and 
alternately different, as hi, h2. In this case also, the 
pressure becomes higher where the flow path cross- 
sectional area of the cooling medium passages 21a, 
21b on both sides is larger, with the result that cooling 
medium flows through the cooling medium passages 1 8 
from higher pressure to lower pressure. 
[0040] Also, as shown in Fig. 11. the cross-sec- 
tional areas of the cooling medium passages 21a. 21b 
on both sides forming the meandering passages 40 can 
be made mutually and alternately different by making 



the distances between the flow-alignment projecting 
strips 41 , 41 that form the meandering passages 40 in 
the cooling medium passages 21a, 21b on both sides 
mutually and alternately different, as c1, c2. In this case 

5 also, the pressure becpmes higher where the flow path 
cross-sectional area of the cooling medium passages 
21a, 21b on both sides is larger, with the result that cool- 
ing medium flows through the cooling medium pas- 
sages 18 from higher pressure to lower pressure. 

10 [0041 ] Also, as shown in Fig. 1 2A. in the distribution 
header 35 on the side of the inlet orifice 10, the cross- 
sectional areas si and s2 of flow path restriction sec- 
tions 44a, 44b for communicating the distribution 
header 35 with both of the cooling medium passages 

15 21a, 21b may be made different from each other. Alter- 
natively, as shown in Fig. 12B. the distances d1 and d2 
between the inlet orifice 1 0 and the communicating sec- 
tions 45a. 45b connecting with the cooling medium pas- 
sages 21a, 21b on both sides may be made different. In 

20 this case also, the pressure in the cooling medium pas- 
sages 21a, 21b is made different and the cooling 
medium passes through the cooling medium passages 
18 between the cases from one cooling medium pas- 
: sage which is at higher pressure towards the other cool- 

25 ing medium passage which is at lower pressure. 

[0042] It should be noted that, the same construc- 
tion as that of Fig. 12 A, 12B may be provided to the dis- 
tribution header 35 on the side of the outlet orifice 1 1 
where the cooling medium is collected from the cooling 

30 medium passages 21a and 21b. Similarly, the flow path 
restriction sections 44a, 44b may be provided to the dis- 
tribution header 35 at both ends, or the positions or 
arrangement of the inlet and outlet orifices 10, 1 1 may 
be varied. 

35 [0043] In the above embodiment, an example was 
illustrated in which the end plates 6 are covered with the 
cover 5, with the inlet orifice 10 and outlet orifice 11 
being provided in the cover 5. However, as shown in Fig. 
13, the cover 5 may be constructed so as to cover only 

40 the group of cells 2, distribution headers 52 being inte- 
grally provided at the tops of end plates 6 at both ends, 
with the inlet orifice 10 or the outlet orifice 1 1 projecting 
at the upper surface thereof, and a connection portion 
53 for connecting the cooling medium passages 21 with 

45 the distribution headers 52 at both ends being formed at 
the upper edge of both ends of the cooling jacket mem- 
ber 3. The portions indicated by the shading in Fig. 13 
are the welds 54 of the integrated unit constituted by 
cells 2 and the cooling jacket members 3. 

50 [0044] With this embodiment, essentially the same 
beneficial actions as in the embodiment described 
above are obtained. Also, although, in the embodiments 
described above, examples were illustrated in which the 
various constructional members were joined by weld- 

'55 ing. joining could be effected using adhesive. 

[0045] Referring now to Fig. 14 and Rg. 15, as has 
been described above, a meandering flow passage 40 
is formed that meanders upwards and downwards so 
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that the cooling medium flows uniformly over the entire 
surface of the cooling medium passages 21 . by the pro- 
vision of flow-alignment projecting strips 41 on the 
inside surface of the cooling jacket member 3. Further- 
more, air escape apertures 43 are formed between the 5 
top wall 42 of the interior of the cooling medium pas- 
sage 21 and the top end 41 a of the flow-alignment pro- 
jecting strips 41 which extends downwardly from the top 
wall of the cooling medium passage 21. The thickness 
t2 of the top wall 42 of the cooling medium passage 21 w 
is set to be smaller on the side nearest the exit end 21 d 
than its thickness t1 on the side nearest the inlet end 
21c, so as to form an inclined face 44 that is inclined 
upwards from the inlet end 21 c to the exit end 21d of the 
cooling medium passage 21, on the inside surface of 15 
the top wall 42. On the other hand, the height position of 
the top end 41a of each of the flow-alignment projecting 
strips 41 that extend downwards from the top wall of the 
cooling medium passage 21 is approximately the same 
height, so that the height dimension of the air escape 20 
apertures 43 successively increases from the inlet end 
21c of the cooling medium passage 21 to the exit end 
21d. as: dl. d2. d3. d4. The height of the air escape 
apertures dl - d4 should preferably be set about 3 to 
5mm. It should be noted that the flow-alignment project- 25 
ing strips 41 may also be provided on the side of the 
cases 14 of the cells 2. 

[0046] By this arrangement, even if air stagnates in 
the corners between the top ends 41 a of the flow-align- 
ment projecting strips 41 and the top wall 42 of the cool- 30 
ing medium passages 21 , this stagnating air Is made to 
flow through the air escape apertures 43 and flow 
towards the middle of meandering flow passage 40 by 
the inclined face 46, and, toward downstream by the 
strong current of cooling medium flowing through the 35 
meandering flow passage 40. Any air that was not 
entrained by the current also successively passes 
through the air escape apertures 43 along thejndined 
face 46, until it is smoothly evacuated at the exit end 21 d 
of the cooling medium passage 21 . Furthermore, since 40 
the aperture dimension of the air escape apertures 43 
gradually increases as dl - d4 from the inlet end 21c of 
the cooling medium passage 21 towards the exit end 
21d. outflow of air becomes progressively easier as the 
downstream end is approached, enabling it to be evac- 45 
uated even more smoothly from the cooling medium 
passage 21. Thus, lowering of cooling performance due 
to stagnation of air within meandering flow passage 40 
can be reliably prevented. 

[0047] Alternatively, inclined faces 47 may be so 
formed in the top wall 42 of the cooling medium pas- 
sage 21 so as to be inclined upward from portions oppo- 
site the air escape apertures 43 towards both sides as 
shown in Fig. 15. In this case also, any air that stag- 
nates in the corner between the top wall 42 of cooling 55 
passage 2 1 and the top ends 41 a of flow-alignment pro- 
jecting strips 41 can be reliably shifted towards the mid- 
dle of meandering flow passage 40, where it is 



entrained by the strong current of cooling medium and 
so can be evacuated. Consequently, lowering of cooling 
performance due to air stagnation can be prevented. 
For the height dimension of the air escape apertures 43. 
about 3 to 5mm is preferable, and for the angle of incli- 
nation 6' of the inclined faces 47 with respect to the hor- 
izontal plane, about 3 to 5° is preferable. 
[0048] According to the present invention, as will be 
dear from the above description, cooling medium pas- 
sages are formed on both sides with respect to the 
direction of arrangement of the cells, and cooling 
medium passages are also formed between adjacent 
cell cases such as to communicate with the cooling 
medium passages on both sides. Further, means for 
generating pressure difference between both ends of 
the cooling medium passages between adjacent cell 
cases are provided, by which cooling medium can be 
reliably made to flow through the entire cooling medium 
passages without air stagnation. Moreover, owing to the 
provision of air escape apertures between the top walls 
of the coding medium passages and projecting strips 
that form meandering flow passages, unfavorable ten- 
dency of air stagnation in corner parts of meandering 
flow passages can be eliminated. Consequently, it can 
be ensured that all of the cells are effectively cooled. 

Claims 

1. An integrated sealed secondary battery compris- 
ing: 

a plurality of cells (2) an-anged in a row respec- 
tively accommodating electricity-generating 
elements within rectangular tubular cases (14) 
having a bottom, with their upper open ends 
.^'being sealed; 
first cooling medium passages (21) formed on 
both sides of the row of the cells; 
second cooling medium passages (18) formed 
between the cases (14) of the cells that com- 
municate with the first cooling medium pas- 
sages (21 ) on both sides of the row of the cells; 
and 

means for generating pressure difference at 
both ends of the second cooling medium pas- 
sages between the cases. 

2. The integrated sealed secondary battery according 
to claim 1 wherein the flow path cross-sectional 
areas of the first cooling medium passages (21) on 
both sides are made mutually different. 

3. The integrated sealed secondary battery according 
to claim 1 or 2. wherein the width of the second 
cooling medium passages (18) between the cases 
is gradually reduced to one side from the other side 
by making the opposing wall faces of the cases of 
the cells tapered from one side to the other side. 
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4. The integrated sealed secondary battery according 
to any preceding claim, wherein flow-alignment pro- 
jecting strips (41) are provided within the first cool- 
ing medium passages (21) on both sides of the row 

of the cells for forming meandering flow passages 5 
(40) within the first cooling medium passages, the 
width of the opposite cooling medium passages 
(21) on both sides being made different from each 
other. 

10 

5. The integrated sealed secondary battery according 
to claim 4 wherein the width of the opposite cooling 
medium passages (21) on both sides Is made dif- 
ferent from each other by making the thickness of 
the wall of the cooling medium passages on both 15 
sides different. 



end, wherein, at least in one of the distribution 
headers at both ends, the distances from the Inlet 
or outlet orifice to the first cooling medium pas- 
sages (21) on both sides are made different from 
each other. 

10. An Integrated sealed secondary battery compris- 
ing: 

a plurality of cells (2) arranged in a row respec- 
tively accommodating electricity-generating 
elements within rectangular tubular cases (14) 
having a bottom, with their upper open ends 
being sealed; 

first cooling medium passages (21) formed on 
both sides of the row of the cells; 
second cooling medium passages (18) formed 
between the cases of the cells that communi- 
cate with the first cooling medium passages on 
both sides of the row of the cells; 
projection strips (41) provided in the first cool- 
ing medium passages such as to alternately 
extend downwards from a top wall and 
upwards from a bottom wall of the first cooling 
medium passages so that the first cooling 
medium passages meander upwards and 
downwards; and 

air escape apertures (43) formed between the 
top wall (42) of the cooling medium passages 
(21) and top ends (41a) of the projection strips 
(41 ) that extend downwards from the top wall of 
the cooling medium passages. 

1 1 . The integrated sealed secondary battery according 
to claim 10 wherein Inclined faces are formed on 
the top walls (42) of the cooling medium passages 
(21) such as to incline towards their sides in at least 
portions facing the air escape apertures (43). 

12. The Integrated sealed secondary battery according 
to claim 1 1 wherein the inclined faces are inclined 
upwards towards both sides from the portion oppo- 
site the air escape apertures (43) in the top wall 
(42) of the cooling medium passages. 

1 3- The integrated sealed secondary battery according 
to claim 1 1 or 12, wherein the angle of inclination of 
the Inclined faces with respect to the horizontal 
plane is 3 to 5°. 

14. The integrated sealed secondary battery according 
to claim 10 wherein inclined faces are formed on 
the top walls (42) of the cooling medium passages 
such as to Incline upwards towards an outlet end 
(21d) from an Inlet end (21c) of the cooling medium 
passages. 

15. The Integrated sealed secondary battery according 



6. The integrated sealed secondary battery according 
to claim 4 wherein the width of the opposite cooling 
medium passages (21) on both sides Is made dif- 20 
ferent from each other by making the height of the 
flow-alignment projecting strips (41) different. ^^c- 

7. The integrated sealed secondary battery according 

to any preceding claim, wherein flow-alignment pro- 25 
jecting strips (41) are provided within the first cool- 
ing medium passages (21) on both sides of the row 
of the cells for forming meandering flow passages 
(40) within the first cooling medium passages, the 
distance between the adjacent flow-alignment pro- 30 
jecting strips (41) being made different alternately 
and between apposite cooling medium passages 
(21) on both sides. 

8. The Integrated sealed secondary battery according 35 
to any preceding claim, further comprising distribu- 
tion headers (35) provided at both ends of the row 

of the cells for distributing and collecting cooling 
medium in the first cooling medium passages (21) 
on both sides, an inlet orifice (10) provided in the 40 
distribution header at one end. and an outlet orifice 
(11) provided in the distribution header at the other 
end, the distribution headers (35) respectively hav- 
ing connecting ports (44a, 44b) on both sides 
thereof for communicating with the first cooling 45 
medium passages (21) on both sides, wherein, at 
least in one of the distribution headers at both ends, 
the cross-sectional areas of the connecting ports 
(44a. 44b) are made different from each other. 

so 

9. The integrated sealed secondary battery according 
to any preceding claim, further comprising distribu- 
tion headers (35) provided at both ends of the row ^' 
of the cells for distributing and collecting cooling 
medium in the first cooling medium passages (21) ss 
on both sides, an Inlet orifice (10) provided in the 
distribution header at one end, and an outlet orifice 
(11) provided in the distribution header at the other 
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to ctaim 14 wherein the height positions of the top 
ends (41a) of the flow-alignment strips (41) that 
extend downwards from the top walls (42) of the 
cooling medium passages (21 ) are set substantially 
the same, so that the area of the air escape aper- 5 
tures (43) is made progressively larger from the 
inlet end (21c) towards the outlet end (2 id) of the 
cooling medium passages. 



16. The integrated sealed secondary battery according 10 
to any one of claims 10 to 15, wherein the vertical 
width of the air escape apertures is 3 to 5mm. 

17. An integrated sealed secondary battery compris- 
ing: IS 

a plurality of cells (2) arranged in a row respec- 
tively accommodating electricity-generating 
elements within rectangular tubular cases (14) 
having a bottom, with their upper open ends 20 
being sealed; 

first cooling medium passages (21) formed on 
both sides of the row of the cells; 
second cooling medium passages (18) fbrimed 
between the cases of the cells that communi- 25 
cate with the first cooling medium passages 
(21) on both sides of the row of the cells; 
projection strips (41) provided in the first cool- 
ing medium passages (21) such as to alter- 
nately extend downwards from a top wall and 30 
upwards from a bottom wall of the first cooling 
medium passages so that the first cooling 
medium passages meander upwards and 
downwards; 

air escape apertures (43) formed between the 35 
top wall (42) of the cooling medium passages 
(21) and top ends (41a) of the projection strips 
(41 ) that extend downwards from the top wall of 
the cooling medium passages; and 
means for generating pressure difference at 40 
both ends of the second cooling medium pas- 
sages between the cases. 
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ing medium passages (21) are formed on both sides of 
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(21,21) on both sides. The cross-sectional areas of the 
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tom wall of the cooling medium passages (21). 

Air escape apertures (43) are formed between the 
top wall (42) of the cooling medium passages (21) and 
top ends (41a) of the projection strips (41) that extend 
downwards from the top wall of the cooling medium pas- 
sages. 




Primed by Xerox (UK) Business Servioes 
2.16.7 (HRS)/3.6 



X3ID: <6P 1033772A3J_> 



EP1 033 772 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 00 30 1601 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Citation of document with indication, where appropriate, 
of relevant p>assages 



Category 



Relevant 
to Claim 



CLASSIFICATION OF THE 
APPUCATION (IntCLT) 



US 5 589 290 A (KLINK RAINER ET AL) 
31 December 1996 (1996-12-31) 

♦ claims 1-11 * 

US 3 745 048 A (DINKIER L ET a1) 
10 July 1973 (1973-07-10) 

♦ claim 1 ♦ 

EP 0 834 952 A (MATSUSHITA ELECTRIC IND CO 
LTD) 8 April 1998 (1998-04-08) 

♦ claims 1-3 * 



FR 2 694 136 A (RECH APPLIC 
ELECTROCHIMIQUE;BERTIN & CIE) 
28 January 1994 (1994-01-28) 

* claims 1-14 * 

US 5 641 589 A (GRIVEL TRISTAN 
24 June 1997 (1997-06-24) 

* claims 1-6 * 



HOlMlO/50 



ET AL) 



1-17 



1-17 



1-17 



TECHNICAL HELOS 
SEARCHED (IntCLT) 



HOIM 



The present search report has been drawn up for all claims 



Place ol surch 

THE HAGUE 



Oai« Ot comptetjon of the saafCh 

10 July 2000 



ExanwMT 

Battistig, M 



CATEGORY OF CITED DOCUMENTS 

X : parti cuiaiiy relevant if taken alone 

Y : particularty relevant if combined with another 

<lociiment of the same category 
A : technological background 
O : non -written disclosure 
P : irttermediate document 



T : theory or pnnciple underiyir^g Jhe invention 
E : earlier patent document, but published on. or 

after thie filing date 
D : document cited in the appiicatian 
L : document cited for other reasons 



& : member ot the same patent family, corresponding 
document 



2 



BNSDOCID: <EP 1033772A3J_> 



r 



EP 1 033 772 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPUCATION NO. EP 00 30 1601 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report 
The members are as contained in the European Patent Office EOP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the pufpose of information. 

10-07-2000 



Patent document 




Publication 




Patent family 


Puiilication 


cited in searcti report 




date 




member(s) 


date 


US 5589290 


A 


31-12-1996 


DE 


4407156 C 


08-06-1995 








EP 


0670607 A 


06-09-1995 








JP 


2756767 B 


25-05-1998 








JP 


7272768 A 


20-10-1995 


US 3745048 


A 


10-07-1973 


NONE 






EP 08349S2 


A 


08-04-1998 


JP 


10106637 A 


24-04-1998 








CA 


2217107 A 


30-03-1998 


FR 2694136 


A 


28-01-1994 


WO 


9402969 A 


03-02-1994 


US 5641589 


A 


24-06-1997 


FR 


2697678 A 


06-05-1994 








DE 


69326665 D 


11-11-1999 








OE 


69326665 T 


31-05-2000 








EP 


0596778 A 


11-05-1994 








JP 


6215804 A 


05-08-1994 








US 


5510207 A 


23-04-1996 



g 

ui For more detaib at»out this annex : see Official Joumal-of the European Patent Office, No. 12/82 



3 

CID: <EP 10a3772A3J_> 



\ 



THIS PA6E BLANK (MSPTO) 



